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INTRODUCTION
Soybean (Glycine max [L.] Merr.) is the major protein and oilseed crop grown on over 117.5 mio ha world-wide yielding a total of 306.5 mio tonnes of beans in 2014 (FAOSTAT, 2017) . While an estimated 85% of the world soybean harvest is crushed for producing soybean meal for livestock feeding and vegetable oil (SOYATECH, 2017) , a growing rate of soybean is directly utilized in human food production at present. Apart from traditional Asian soy-foods, whole soybeans, soybean flours and individual components such as protein, oil, hulls or lecithin are widely utilized in a large and growing number of modern foods and convenience food products due to their favorable nutritional and functional properties (L'HOCINE and BOYE, 2007) . Moreover, a number of health benefits associated with functional food characters of soybean such as cardiovascular disease reduction or cancer prevention (CHEN et al., 2012; XIAO, 2008) have contributed to an increase of soy-food consumption as well. As a consequence of the growing rate of food uses of soybean, however, food safety issues are gaining in importance due to the presence of bioactive soybean seed components with adverse health effects such as antinutritional factors, allergens, particular fatty acids with undesirable metabolic effects, toxic heavy metals and other constituents ( Table 1) . As an illustration of public concern about soyfood safety, soybean and soy-products are listed among 14 food groups which require specific labelling according to a recent European Commission regulation (EUROPEAN COMMISSION, 2011) because of their allergenic potential. Likewise, soybeans are among eight major allergens listed in the United States Food Allergen Labeling and Consumer Protection Act of (FDA, 2016 .
Food safety is the discipline aiming at controlling and avoiding negative health effects associated with the consumption of food. Consumer demand has been a major driving force for food safety during the last decades, and in the broader sense food safety is considered as a dimension of food quality (GRUNDERT, 2005) . While most aspects of food safety are extensively covered by the international Codex Alimentarius (FAO, 2016) as well as by various national or multinational food and health institutions on a regulatory level, food safety needs to be implemented practically at different stages of the food supply chain such as the agricultural production and handling of raw materials, all stages of food processing, marketing and storage. With respect to field crop production, food safety may be threatened by natural crop components and toxic metabolites, agrochemical residues, mycotoxins from plant pathogens or soil-and airborne environmental pollutants. For a sustainable assurance of food safety on the crop production level, plant breeding can contribute safer plant varieties through utilizing genetic variation in food safety traits as illustrated in several prominent examples. In wheat, a number of major and minor genes have been mapped for resistance to Fusarium head blight which are currently being introgressed into cultivars by marker assisted selection for reducing the content of mycotoxins such as deoxynivalenol in bread and other cereal products (BUERSTMAYR et al., 2009) . Additionally, selection of wheat genotypes with a lower concentration of free asparagine in flour is proposed to reduce the formation of toxic acrylamide in bakery products (CURTIS and HALFORD, 2014) . In durum wheat, variation in cadmium uptake has been described, and a marker system has been validated for selecting genotypes low in cadmium uptake (ZIMMERL et al., 2014) . In oil crops, fatty acid composition has been modified towards improved food safety (BURTON et al., 2004) : Erucic acid (C22:1) has been reduced in canola and other Brassicaceae oilseeds, as it was associated with cardiac lipidosis in animal studies; concentrations of saturated fatty acids such as palmitic (C16:0) and stearic acid (C18:0) have been lowered in several oil crops, as they may increase the risk of coronary heart disease due to inducing higher blood serum cholesterol levels; linolenic acid (C18:3) in soybean oil has been reduced in order to minimize oil oxidation and to avoid the formation of trans-fatty acids during processing, which are posing a number of health risks (STENDER and DYERBERG, 2004) . For removing allergens, appropriate genetic variation is the limiting factor in most crop species; therefore, transgenic approaches based on down-regulating of allergen protein gene expression have proven to be effective in a number of species including soybean, peanut or tomato.
In soybean, conventional and molecular tools are utilized in breeding for yield, environmental adaptation or basic quality features such as protein content or oil properties, which are breeding targets of highest priority (MILADINOVIĆ et al., 2015) . In addition, genetic variation in food safety characters has been described for several decades, but selection of genotypes for improved food safety has been carried out in few exceptional cases only, as analytical procedures for phenotyping most of the traits were time-consuming or expensive and therefore not suitable for routine screening of large numbers of genotypes in breeding populations. Recently, however, a wide range of efficient genetic marker systems such as microsatellites (SONG et al., 2010) , single nucleotide polymorphisms (e.g. MILADINOVIĆ et al., 2015) , Diversity Array Technology (DarT) markers (HANG VU et al., 2012) or genotyping-bysequencing methods such as DArtSeq (e.g. HAHN and WÜRSCHUM, 2014) have become available to soybean breeding which permits the screening of genotypes for food safety traits given there is sufficient association between genetic and phenotypic variation of the respective trait. Apart from progress in genomics, advances in various analytical fields such as immunological and proteomics methods for allergen detection or high-resolution continuum-source atomic absorption spectroscopy (AAS), inductively coupled plasma-mass spectroscopy (ICP-MS) and other methods for mineral element analysis are enabling an in-depth screening of germplasm for traits relevant to food safety which could later on be integrated in selection programs.
Based on the scenario outlined above, i.e. an increased consumption of soy-foods and soybean components in complex products of the food industry, a growing interest in food safety, and rapid technology progress in genomics as well as in food analysis, the objective of this contribution is to evaluate present plant breeding options towards the development of food-grade soybean germplasm with improved food safety. The main focus of this review will be on protein components, as they are considered the most significant seed constituents affecting food safety. Moreover, heavy metal ionomics will be elaborated with respect to cadmium accumulation in soybean seed, as this represents an important health risk. While soybean oil is another important target in improving food safety on a world-wide scale, breeding for soybean oil properties does not have a high priority on the European scale and will therefore be presented in a rough overview only.
ALLERGENS AND OTHER PROTEINS Among the grain legumes, soybean has a high seed protein content of about 40% based on dry matter with a wide variation in the range of 30 to over 50% depending on genetic background and environment (SATO et al., 2014; VOLLMANN, 2016) . While most soybean proteins are nutritionally valuable storage proteins of 11S or 7S globulin fractions, some individual proteins may cause allergenic reactions or exhibit anti-nutritional properties such as protease inhibitors or lectins (Table 1) .
Soybean allergy is considered a rather common food allergy, and about 50% of children with soy allergy at early age are developing tolerance during later childhood (SAVAGE et al., 2010) . At least 16 different soybean proteins have been identified as IgE-binding allergens (L'HOCINE and BOYE, 2007) causing immunological reactions in soy-sensitive patients with atopic dermatitis. Three of these proteins (Gly m Bd 30 K, Gly m Bd 60 K, and Gly m Bd 28 K) are considered as major soybean allergens (OGAWA et al., 1991) as higher percentages of sensitive individuals are showing antibody reactions against them. Although allergen removal by thermal processing, enzymatic hydrolysis or through fermentation might be partly effective in soybean protein isolates (e.g. MEINLSCHMIDT et al., 2016) , plant breeding approaches are of particular interest, as they can inhibit allergen formation genetically thus providing raw materials of reduced allergenicity for soy-food production. 
Gly m Bd 30 K (P34)
According to OGAWA et al. (1991) , the 7S globulin protein Gly m Bd 30K (P34) is the immunodominant allergen as it causes allergenic effects in over 65% of soy-sensitive subjects. P34 is a 34 kDa oil body associated protein consisting of 379 amino acids and comprising less than 1% of the total seed protein content in soybean (JOSEPH et al., 2006) . It is classified as a member of the papain superfamily of cysteine proteases stabilized by disulphide bonds with sequence similarity to proteins found in papaya, pineapple, kiwi and other fruits (BREITENEDER and RADAUER, 2004) . The P34 protein has a remarkable resistance to proteolysis in the gastrointestinal tract and might be transported across the intestinal epithelial barrier by transcytosis (SEWEKOW et al., 2012) . A complete removal or suppression of the P34 allergen would also be desirable, as the P34 allergen has 16 linear IgE-binding epitopes with five of them considered as immunodominant (HELM et al., 1998; HELM et al., 2000) ; thus, mutagenesis-based approaches of reducing allergenicity of P34 epitopes would practically not be possible. Therefore, in a first attempt to reduce soybean allergenicity, HERMAN et al. (2003) constructed a gene silencing vector which successfully suppressed the expression of P34 protein in transgenic soybean lines. Later, JOSEPH et al. (2006) screened the USDA germplasm collection and identified two out of over 13.000 Glycine max accessions carrying a "P34 null" allele (see Table  2 ) which opened an opportunity to conventionally breed soybeans with hypoallergenic properties. The gene locus coding for the expression of the P34 protein has been described to be located on soybean linkage group A2 (chromosome 08), and the low-P34 mutant allele is due to a four-basepair insertion at the P34 start codon (BILYEU et al., 2009) . KOO et al., (2013) demonstrated that the insertion mutation in the P34 promoter region is causing a down-regulation of P34 translation while mRNA levels are similar in low-P34 and normal genotypes, and there is no sequence variation in the coding region of the P34 gene between mutant and normal genotypes. Therefore, the P34 protein is not completely absent in P34 null lines, but it is reduced approximately eightfold in Western blot (BILYEU et al., 2009) due to the reduction in translation. Moreover, translation might be instable in the low-P34 lines, as some peptides of the P34 protein are detectable in low-P34 lines while others are not (WATANABE et al., 2017) . Immunological methods such as ELISA, two-dimensional electrophoresis (2D-SDS-PAGE) combined with Western blotting or ion chromatography of pre-digested P34 peptides using liquid chromatography / tandem mass spectroscopy are required for P34 identification (WATANABE et al., 2017) . As these procedures are rather laborious and not suitable to analyze large sample numbers desirable in practical plant breeding or genetic research, the utilization of genetic markers is the method of choice in selection. Therefore, genetic markers have been described for identification of low-P34 genotypes in breeding programs (BILYEU et al., 2009; JEONG et al., 2013; WATANABE et al., 2017) . While a US patent for a genetic marker utilizing variation present in the promoter sequence of P34 has been granted (BILYEU, 2011), SSR markers are available in large numbers as well for selection (SONG et al., 2010) . In contrast to a marker system based on the promoter sequence difference, utilizing polymorphic SSR markers of soybean linkage group A2 would allow for a better monitoring of the introgression of the low-P34 allele into adapted germplasm through visualizing recombination events along the chromosome.
The expression of the P34 allergen protein has also been monitored in the widely grown genetically modified soybeans: No difference between conventional (non-GM) and genetically modified (glyphosate tolerant) soybean was found in gene expression of the P34 allergen in a recent study which also confirmed the immunodominant character of the P34 allergen (TSAI et al., 2017) .
Gly m Bd 60 K (α-subunit of β-conglycinin)
Beta-conglycinin is a major storage protein group out of the 7S globulin fraction of soybean seed which consists of three subunits, i.e. α, α', and β; technologically, β-conglycinin improves protein extractability, but has a negative impact on emulsifying properties through reducing the 11S:7S (glycinin to β-conglycinin) ratio of globulin proteins (PESIC et al., 2005) . While allergenicity has been associated with all three subunits in sensitive individuals (L'HOCINE and BOYE, 2007; KRISHNAN et al., 2009) , the α-subunit Gly m Bd 60 K is considered as another major allergen of soybean (OGAWA et al., 1991) . Thus, reducing β-conglycinin subunits is considered important, although this globulin fraction represents a significant proportion of total soybean seed protein content. The first description of reduced levels of the α-subunit Gly m Bd 60 K dates back to KITAMURA and KAIZUMA (1981) screening over 1700 Japanese germplasm accessions, in which one genotype (the weedy soybean "Mo-shi-dou Gong 503") had a reduced content of the α-and β-subunits, while in another accession the α'-subunit was not expressed. Similarly, one out of over 80 wild soybean (Glycine soja Sieb. et Zucc.) accessions from Amakusa islands (southwest Japan) was found with all three β-conglycinin subunits missing. Later on, mutation induction using gamma-ray irradiation was applied to develop strains with individual or all β-conglycinin subunits being absent (e.g. TAKAHASHI et al., 1994; MANJAYA et al., 2007; LEE et al., 2011) . Thus, hypoallergenic soybeans were developed such as the Japanese cultivar "Yumeminori" lacking α-and α'-subunits of β-conglycinin with an additional absence of the Gly m Bd 28 K allergen (TAKAHASHI at al. 2004 ); moreover, this genotype is rich in 11S (glycinin) proteins due to the relative reduction of β-conglycinin fractions and has therefore been used to develop hypoallergenic cultivars (Table 2 ) suitable for soymilk production (HAJIKA et al., 2009) . The mutation causing the absence of the α-subunit protein in "Yumeminori" has been characterised genetically as a four base pair insertion in the CG-2 gene, which was localised in the first exon of the gene introducing a reading frame shift resulting in a TGA stop codon sequence nearby (ISHIKAWA et al., 2006) ; based on the sequence difference between the mutant and wild-type alleles, a PCR marker has been developed to assist in the introgression of the allele into food grade soybeans. In addition to conventional breeding, a transgenic approach based on sequence-mediated gene silencing of coding sequences for both α-and α'-subunits of β-conglycinin was also successful in removing both of these subunits; thus, allergenicity would be reduced by suppression of the Gly m Bd 60 K protein, while the loss of these major 7S proteins was compensated by a likewise increase of the 11S (glycinin) fraction (KINNEY et al., 2001) .
Gly m Bd 28 K
The 28 kDa IgE-binding protein Gly m Bd 28 K is the third major allergen of soybean (OGAWA et al., 1991) . In contrast to other allergens, genotypes free of Gly m Bd 28 K have been found at higher frequency. In China, over 37% of a set of 421 genotypes of a soybean core collection were identified as lacking the Gly m Bd 28 K protein (ZHANG et al., 2006) . Similarly, four out of five of the most important Japanese cultivars are lacking Gly m Bd 28 K (KANEGAE et al., 2001 ; Table 2 ). Moreover, the mutation-derived Japanese cultivars "Yumeminori" and "Nagomimaru" which are lacking Gly m Bd 60 K (see section above and Table 2 ) are also free of Gly m Bd 28 K (TAKAHASHI et al., 2004) . Genetic markers for identifying Gly m Bd 28 K free cultivars have not been applied so far. However, both cDNA sequence of the allergen gene (TSUJI et al., 2001 ) as well as a PCR primer for allergen detection (WANG et al., 2012) have been published which could support the development of an efficient marker system for selection purposes.
Protease inhibitors
Apart from allergens, soybean contains additional proteins which might affect food safety in particular situations due to their bioactivity and antinutritional properties such as protease inhibition or cell agglutinating ability (LIENER, 1994) .
Two major protease inhibitors are present in soybean seed, i.e. the Kunitz trypsin inhibitor and the Bowman-Birk trypsin/chymotrypsin inhibitor which interfere with protein digestion in the intestinal tract causing growth inhibition and pancreatic hypertrophy after continuous consumption of raw soybean protein. As protease inhibitors are heat-labile, they are commonly inactivated during food preparation (e.g. CHEN et al., 2014) or by toasting soybean meal in animal feed production (LIENER, 1994) . In human nutrition, soybean protein is rarely consumed without prior heat treatment, which reduces the relevance of protease inhibitors in terms of food safety. In monogastric non-ruminant farm animal nutrition, were soybean delivers the most important plant protein component of feeding diets, however, there is an interest in feeding raw soybeans as an on-farm protein source which makes a reduction of protease inhibitor activity more desirable; thus, a reduction of protease inhibitors and other anti-nutritional components by plant breeding approaches has been considered as relevant (CLARKE and WISEMAN, 2000) . Based on the screening of germplasm collections, Kunitz null variants (accessions PI 157440 and PI 196168 of the USDA soybean germplasm collection) originating from South Korea have been discovered of which PI 157440 was inherited in a recessive manner as compared to several different electrophoretic variants of a Kunitz protein present (ORF and HYMOWITZ, 1979) . The absence of the Kunitz protein was caused by different frameshift mutations (JOFUKU et al., 1989; KRISHNAN, 2001 ) each of them causing the premature termination of the translational process. The Kunitz null trait has been introgressed into different genetic backgrounds and has been utilized to develop soybean cultivars with reduced trypsin inhibitor activity (e.g. BERNARD and HYMOWITZ 1986; BERNARD et al., 1991; VOLLMANN et al., 2003; ALVES DE MORAES et al., 2006; RANI et al., 2011; PERIC et al., 2014; MARANNA et al., 2016; HERMAN and SCHMIDT, 2016; TALUKDAR and SHIVAKUMAR, 2016) . In Serbia, for example, Kunitz null soybean cultivars Lana and Laura have been developed for easier livestock feeding and more economical food processing (PERIC et al., 2014) . While earlier development of Kunitznull germplasm was achieved by selection of appropriate lines on the base of SDS-PAGE electrophoresis, genetic markers linked to the Ti locus (located on soybean linkage group A2, i.e. chromosome 9) and gene specific primers are available now for assisting in the introgression of that trait (e.g. ALVES DE MORAES et al., 2006; KIM et al., 2006; RANI et al., 2011; KUMAR et al., 2013; KUMAR et al., 2015; MARANNA et al., 2016) .
In contrast to the Kunitz trypsin inhibitor, significant variation including null variants of the Bowman-Birk inhibitors have been discovered in wild species of the genus Glycine only which cannot be introgressed easily into Glycine max (DOMAGALSKI et al., 1992; SONG et al., 2016) . Mutation induction might therefore be a feasible way towards a further reduction of the overall trypsin inhibitor activity (MANJAYA et al., 2007; LEE et al., 2011) . Moreover, the Bowman-Birk inhibitor appears to be coded by at least three different gene loci with different alleles/isoforms present (TAN-WILSON et al., 1987) . This and environmental/agronomic influences might explain the quantitative nature of variation observed in total trypsin inhibitor activity of different soybean genotypes (e.g. BERGER et al., 2015; PESIC et al., 2007; VOLLMANN et al., 2003) .
Lectins
Lectins (hemagglutinins) are heat-labile proteins which bind to carbohydrate molecules thus causing red blood cells to agglutinate; similar to protease inhibitors they might be inactivated by moist heat treatment (LIENER, 1994) . PULL et al. (1978) screened a number of soybean accessions and were the first to describe soybean genotypes devoid of lectins, and the lack of lectin was controlled by a single gene in a recessive manner . Alternatively, GEORGE et al. (2008) described low lectin soybean genotypes following mutagenesis treatments. The lectin-null trait was later introgressed into several genotypes and combined with other features for achieving "stacked traits". PRISCHMANN and HYMOWITZ (1988) developed soybean genotypes based on a Kunitz trypsin inhibitor null combined with a second null allele either for lectin, lipoxygenase-1, β-amylase or urease; they demonstrated that double nulls were not deleterious with respect to seed development or seed germination. ALVES DE MORAES et al. (2006) described a backcrossing procedure to transfer both lectin and Kunitz trypsin inhibitor nulls into a recurrent parent using marker assisted selection for both null traits. A triple null soybean genotype containing null alleles for each the Kunitz trypsin inhibitor, the lectin and the P34 allergen protein has been described recently (SCHMIDT et al., 2015 ; see also Table 2 ). Apart from the lectin null trait, quanititative genetic variation in lectin content or lectin agglutinating activity was also described for commercially grown soybean cultivars from China (WU et al., 2016) and Brazil (VASCONCELOS et al., 1997) , respectively. FATTY ACID COMPOSITION Considerable plant breeding research has been devoted to modifying the fatty acid composition of soybean oil towards a better food safety, improved health properties and optimized processing functionality. Standard soybean oil contains about 55% linoleic (C18:2), 22% oleic (C18:1), 8% linolenic (C18:3), 11% palmitic (C16:0) and 4% stearic (C18:0) acid. Both mutation induction and genetic engineering approaches have been applied targeting to reduce concentrations of i.) saturated fatty acids (palmitic, stearic), as they are associated with a higher risk for coronary heart disease due to higher blood serum cholesterol concentrations, and ii.) linolenic acid to reduce the risk of trans-fatty acid formation during hydrogenation and other processing steps. Extensive reviews have been published on the subject covering both mutation and transgenic approaches (FEHR, 2007; CAHOON et al., 2009 ). In addition, various studies on the inheritance of individual fatty acid mutations (e.g. PRIMOMO et al., 2002) as well as on molecular tools and resources (e.g. BILYEU et al., 2006) are available to date. Recent research in soybean fatty acid modification is including the identification of SNP-based functional markers to directly detect fatty acid mutant alleles (SHI et al., 2015) , the development of NIRS calibrations for rapid phenotyping of soybean fatty acid composition (KARN et al., 2017) , or the integration of novel alleles for stabilizing soybean oil properties (e.g. THAPA et al., 2016) . Moreover, the case of linolenic acid concentration illustrates the dilemma in breeding for improved food safety: While a reduction of linolenic acid reduces the risk of toxic trans-fatty acid formation, higher levels of linolenic acid are desirable from a nutrition physiology viewpoint, as linolenic is an important omega-3 fatty acid in human diets serving as the precursor for important long-chain polyunsaturated fatty acids such as eicosapentaenoic acid (C20:5-omega-2) or docosahexaenoic acid (C22:6-omega-3). For this reason and opposite to the food safety breeding goals outlined before, recombinant inbred lines with a linolenic acid content of up to 16% have been identified in an interspecific cross between G. max and an accession of the wild Glycine soja Sieb and Zucc., and new QTL have been described which could be utilized to introgress high α-linolenic acid alleles into dedicated special purpose germplasm (HA et al., 2014) .
IONOMICS OF SOYBEAN CADMIUM ACCUMULATION
Plant ionomics is an emerging discipline within the plant sciences focusing on the study of mineral element accumulation and dynamics in the plant. Ionomics utilizes high-throughput methods for plant element profiling combined with metabolomics, proteomics and genomic approaches in order to analyse the various interactions between mineral elements and plant physiology, genetics or environmental factors (SINGH et al., 2013) . While primary targets of ionomics are the essential mineral elements, i.e. macro-and micro-nutrients, other topics such as biofortification of harvest products for increasing their nutritional value (JEŽEK et al., 2011) or controlling the uptake of toxic elements such as heavy metals have important implications in food science and animal nutrition. Thus, a broader understanding of heavy metal ionomics is essential for coping with farmland pollution and for maintaining a high level of food safety (SINGH et al., 2016; FENG et al., 2017) .
In soybean ionomics related to food safety, the uptake of cadmium and its accumulation in the seed is a topic of growing importance, and therefore it needs to be considered by plant breeding. While soybean can take up cadmium, mercury, chromium, lead and other heavy metals from contaminated soils (SALAZAR et al., 2012; ZHUANG et al., 2013) , cadmium (Cd) is most relevant as it is highly toxic and may be present in significant concentrations in the seed harvested. In humans, Cd is accumulating in the kidney upon chronic intake causing an increased risk of cancer apart from other malignant health effects (JÄRUP and ÅKESSON, 2009). As plant based foods and notably tofu are the major source for human Cd intake (ADAMS et al., 2011) , a maximum Cd level of 0.20 mg kg -1 has been set by the EUROPEAN COMMISSION (2006) for soybean and other crops to be used as foodstuff.
Genetic differences in Cd uptake and accumulation in the seed were first reported by ARAO et al. (2003) for a set of Japanese soybean cultivars; a wide variation of Cd concentrations in leaves, stem, pods and seeds was found among genotypes suggesting the presence of different mechanisms of root uptake and within-plant translocation. Similar variation in seed Cd concentration was also reported for Canadian cultivars; subsequently cvs. "AC Hime" (high Cd accumulating parent) and "Westag 97" (low Cd parent) were utilized for generating a segregating population, and a major QTL controlling Cd uptake (gene locus Cda1) was mapped on linkage group K (chromosome 9) which was also validated in other genotypes and crosses (JEGADEESAN et al., 2010) . The same QTL region on LG K was also identified by BENITEZ et al. (2010) using cvs. "Harosoy" and "Fukuyutaka" as the high and low Cd accumulating parents, respectively. Subsequently, BENITEZ et al., (2012) described a loss of function mutation at a P1B-ATPase gene for metal ion transport across cellular membranes which appears as a candidate gene controlling the level of soybean Cd accumulation. Later, the QTL for seed cadmium accumulation described above was validated in soybean germplasm utilized in Europe, and about 40-55% of genotypes investigated are carrying the low-Cd accumulation allele (SOCHA et al., 2015; VOLLMANN et al., 2015) . Among early maturity cultivars listed in Table 3 with respect to Cd accumulation, there is significant variation in Cd concentration within each the high and low Cd groups. This indicates the presence of additional genetic factors regulating Cd in soybean seed; identification of such factors in appropriate mapping populations could contribute to a further reduction of Cd accumulation. More details on the genetic control of Cd accumulation in soybean and marker-based selection have recently been summarized by JEGADEESAN et al. (2016) . As there are various sources of Cd pollution to agricultural soils, ionomics and genomics assisted breeding could make important contributions to mitigating the risks of Cd toxicity and to enhancing food safety. OTHER COMPONENTS Oligosaccharides, isoflavones, saponins, tannins, phytic acid and a couple of other components are occasionally discussed in the context of food safety of particular soy-food products. While genetic variation has been discovered for most of these components, their food safety and/or health relevance has been the subject of controversial discussion and will therefore not be covered in the present review. DISCUSSION Soybean genetic diversity in different seed characters has been described which could be useful for the improvement of various food safety traits. Prior to broadly introducing such traits in breeding programs, however, the relevance of each particular trait needs to be evaluated. With respect to heavy metals such as cadmium, the importance of selecting low-Cd uptake genotypes is obviously clear and indisputable when considering the accumulation effect and long half-life of Cd in the human body as a consequence of chronical intake (JÄRUP and ÅKESSON, 2009; JHA and BOHRA, 2016) . In contrast, in the field of allergen removal, the prevalence of particular allergens and the clinical relevance of null-mutants such as the P34-null soybean need to be better confirmed prior to introgression of the trait; while P34 is regarded as the immunodominant allergen in most reports, other allergenic proteins are considered as more significant in some studies (GAGNON et al., 2010) . Apart from the human food safety discussion, soybean allergen removal might also become relevant in livestock and aquaculture feeding, as pigs and other mammals have been described to show allergic reaction against P34 or other soybean proteins, and salmonoids are developing hypersensitivity to soy-based feeds (SEWEKOW et al., 2012; SCHMIDT et al., 2015; HERMAN and SCHMIDT, 2016) . In addition to food safety, biological effects of antinutritional components need to be considered as well: Lectins, for instance, are proteins with growth-inhibiting properties, and null-alleles or knock-out mutants have been introgressed into soybean cultivars, as elaborated above. However, desirable properties have also been reported for lectins: Owing to their cytoagglutinating activity, soybean lectins are strongly binding to specific types of leukemic cells and might thus play a valuable role in cancer therapy (OHBA and BAKALOVA, 2003) . Moreover, lectin content of Chinese soybean cultivars has steadily increased over the last 50 years (WU et al., 2016) , which appears as an indirect response to selection for grain yield indicating relevant biological roles of the lectin protein in the soybean plant. Lectins may have functions during germination and seed maturation as well as in recognition of nodulating bacteria and in disease resistance (CLARKE and WISEMAN, 2000) , which all might explain their increase over time. For this reason, side effects of selection for low-lectin soybeans should be evaluated.
Most food safety traits have been discovered in soybean landraces (JOSEPH et al., 2006; ORF and HYMOWITZ, 1979; PULL et al., 1978) requiring an introgression of the allele of interest into modern genetic backgrounds and/or across a wide range of maturity groups. While this can be achieved most efficiently by marker-assisted backcross breeding (e.g. ALVES DE MORAES et al., 2006; MARANNA et al., 2016) , genetic engineering approaches have also been successful in silencing the P34 allergen expression (HERMAN et al., 2003) . The advantage of gene silencing is in the complete elimination of an allergen, whereas in "null"-alleles gene expression in frame shift mutations may be reduced beyond a threshold level, while small amounts of the respective protein or some peptides thereof can still be synthesized (JEONG et al., 2013; HERMAN and SCHMIDT, 2016; WATANABE et al., 2017) . Alternatively, genome editing techniques such as CRISPR/Cas-9 are becoming available to soybean genetics (CAI et al., 2015; JACOBS et al., 2015) and are bearing a considerable potential for improving food safety traits: In allergens, individual epitopes could be destructed, or in the case of Kunitz trypsin inhibitor a replacement of amino acids 63 and 64 would be effective to genetically inactivate the reactive site of the Kunitz protein (LIENER, 1994) . As the Kunitz protein is nutritionally valuable as a source of sulphur amino acids (CLARKE and WISEMAN 2000) , the inactivation of its protease inhibition property would be preferable over its complete elimination. In addition to the introgression of single major genes, quantitative or QTL-based selection approaches could be implemented in practical breeding programs for traits with a more quantitative variation such as Cd concentration or total trypsin inhibitor activity.
The market introduction of food safety traits is a complex process requiring interaction between plant breeding research, agricultural production, food processing, product marketing, consumer communication and various regulatory authority bodies. In the past, most of the attention to food safety and risk assessment has been paid to genetically modified organisms (GMO) which are subject to rigorous safety evaluation prior to marketing, although genetic modification in general has less impact on plant gene expression than conventional plant breeding (CHASSY, 2010; DEVOS et al., 2014; RICROCH, 2013) ; these assessment experiences are currently being extended to the marketing level for monitoring mycotoxins, heavy metals, agrochemical residues and allergens in food materials, which underlines the relevance of plant breeding activities for food safety. As the numerous constituents with an impact on food safety (Table 1) could hardly ever be marketed individually, food safety packages could be created by stacking individual traits with relevance for a particular purpose (e.g. soybean protein food products, oil products, infant formulae, aquaculture feeding, piglet feeding etc.). The combination of null-alleles has been demonstrated repeatedly (PRISCHMANN and HYMOWITZ, 1988; ALVES DE MORAES et al., 2006) in the past. Recently, SCHMIDT et al. (2015) described a triple null soybean (nulls in Kunitz, lectin and P34 proteins), and WATANABE et al. (2017) reported P34-allergen-null lines combined with the low Cd accumulation trait.
In conclusion, the present state of soybean breeding and genetics allows for the production of raw materials for food production with a considerably reduced food safety risk. Owing to the complexity of the issue, a wide range of disciplines from proteomics to ionomics needs to be implemented each targeting on individual soybean seed traits. 
